We study the local properties of the iron oxypnictides by means of the real space Bogolubov-de Gennes equations. Starting with the realistic energy spectrum and assuming small amount of impurities we calculate the energy dependence of the local density of states and spatial distribution of the local values of the superconducting energy gap. We pay particular attention to the role of the inter-orbital scattering of pairs and the effect of impurity scattering on the superconducting state. The effect of inter-orbital impurities depends on the relative signs of the order parameters related to two orbitals in question. For opposite signs impurities produce bound states inside the gap, while for the same sign of the order parameters they hardly affect the superconductor. The results obtained for impure systems have been shown as maps of the order parameters and local density of states. They well compare with the existing scanning tunnelling microscopy spectra of the iron pnictides.
Introduction
The multicomponent iron oxypnictides [1, 2] represent the new family of multiband superconductors with relatively high critical temperature. They are layered systems with superconducting carriers arising from Fe-As planes. According to band structure calculations there exist two hole Fermi surfaces centred around (0, 0) and two electron Fermi surfaces around (π, π). The minimal model of these systems has thus to feature at least two Fermi surfaces. The structure of the order parameter, its symmetry and the mechanism of superconductivity in these materials are still the matter of experimental and theoretical investigation. In particular, there are conflicting results concerning the superconducting gap. The proposals range from single-gap [3] to multi-gap structure [4] [5] [6] , from nodal [5] to nodeless [3, 6] order parameter in reciprocal space.
The theoretical models of superconductivity in these materials are also inconsistent. Some of the results indicate the standard s-wave symmetry of the order parameter [7] , but most of them suggest the existence of unconventional superconductivity with s ± or d-wave symmetry [8] [9] [10] . However, the importance of few bands close to the Fermi energy and the leading role of inter-band interaction are fairly well established. It is interesting to note that similarly as in high temperature superconductors, the scanning tunnelling microscopy (STM) measurements reveal nanoscale inhomogeneities in iron oxypnictides. The superconducting gap magnitude varies by about ±20% in the doped samples [11] [12] [13] [14] . * corresponding author; e-mail: karol@tytan.umcs.lublin.pl
The response of the clean system to impurities gives an important information useful to discriminate between the types of order parameter [15] [16] [17] . However, even the best samples of iron pnictides studied so far are rather dirty. The presence of various types of impurities and other types of disorder strongly affects their properties and makes the studies very timely and important. To discuss some of the issues we use the many-orbital model of the iron oxypnictide and calculate the local properties of the system. The model we are using is primarily applicable to the 1111 family of electron doped pnictide superconductors: LnFeAsO 1−x F x , where Ln = La, Ce, Pr, Nd, Sm . . .
The organisation of the rest of the paper is as follows. Section 2 presents the Hamiltonian of the two orbital tight-binding model and the Bogolubov-de Gennes (BdG) equations used to solve it. The changes induced in the superconductor by the single inter-orbital impurity or the finite concentration of such impurities are considered in Sect. 3. We present our results as maps of the local order parameters and the local densities of states. Section 4 contains the conclusions and the discussion of the results in relation to the STM measurement for Fe-based superconductors.
Two-orbital model for superconductors
We study the inhomogeneous two-orbital model with few hopping parameters t λ,λ i,j and the two main types of local pairing interactions of negative Hubbard U variety, which we call intra-(U + iλσ c iλ σ , which may be of intra-orbital (λ = λ ) or inter-orbital (λ = λ ) type. The long range impurities are modelled by allowing for non-zero value of V imp at the location of impurity and neighbouring sites.
We model the energy spectrum near the Fermi level of oxypnictide superconductors [18] by assuming that d xz and d yz (which we denote by the symbol λ = 1, 2) orbitals of Fe ions play the most important role. We take into account the nearest neighbour hoppings t The model well describes electron and hole Fermi pockets on the large BZ [18] of the homogeneous system as well as the densities of states ratio N h /N e ≈ 2.6 near the Fermi level. For nonzero but also for vanishing intra-band pairing interaction U λλ one gets two order parameters, which in homogeneous case may have different phases ∆ = ∆ 1 = ±∆ 2 on the two Fermi surfaces depending on the sign of the inter-band pair scattering term ∓U 12 [9] . To treat non-homogeneous system with two orbitals per site the Hamiltonian is best formulated in the real space as
Here c The standard mean-field decoupling together with Bogolubov-Valatin canonical transformation lead to the BdG [17] for amplitudes u λν (r i ), v λν (r i ) and eigenenergies E ν , which in turn allow the calculations of all observables [19] like local values of the order parameter and the density of states. For a two-orbital model the typical size of the cluster, which quite well reproduces [17] the properties of the bulk systems, is about 19 × 15.
Inhomogeneous superconductors
In this section we study the effects of nonmagnetic impurities randomly located in a small superconducting cluster of size L = 19 × 15 on the local properties of the system, starting with the simple case of a single impurity in the center of the cluster. We assume the mean number of particles in disordered system to be constant and equal to n = 2.15. In this paper we consider only inter-orbital impurities and two different superconducting scenarios. Inter-orbital impurity means such one which scatters an electron from orbital 1 to 2 located at the same site r i and vice versa. We show the maps of the local order parameters and the densities of states for two different situations: (a) U 11 The changes of the order parameters ∆/∆ 0 at and around the impurity strongly depend on the sign of the inter-orbital interaction U 12 . For repulsive U 12 the superconducting local gaps are more severely influenced by the impurity scattering than for attractive U 12 . This is so because of different signs of the order parameters related to two orbitals for repulsive U 12 . In this case there appear bound states inside the gap. Similar localized states have also been observed [20] [21] [22] in the presence of non-magnetic intra-orbital impurity. Here, the effect is much stronger, the bound states are located well inside the gap and are symmetrical around zero energy. Also interesting patterns in the changes of the order parameter are observed (Fig. 1) . They reflect the symmetry of the hopping integrals between two d xy − d yz orbitals.
To illustrate the properties of the two-orbital inhomogeneous superconductor we consider the sample with 15% randomly distributed impurities. Impurities extend over two lattice distances around the central one and their distribution is kept constant. Figure 2 shows the map of the relative order parameter ∆(r)/∆ 0 (with ∆ 0 referring to the clean system) and the local densities of states along the line y = 0 for attractive inter-band interaction U 12 = −0.8t and impurity strength V 12 = 0.8t, while Fig. 3 shows similar data obtained for repulsive U 12 = 1.05t and weaker impurities V 12 = 0.4t. For U 12 < 0 the impurities affect the superconducting state relatively weakly. The decrease of ∆/∆ 0 at and its increase near the impurities is a combined effect of changes in the (local) density of states and the deformation of the superconducting wave function trying to preserve the condensation energy despite the impurity (cf. also Fig. 1a) . However, one notices the appearance of the separate regions with high and low values of the order parameter. For U 12 > 0 even weak potential scattering leads to the in-gap bound states and suppression of superconductivity. The distribution of the gap values is more uniform in this scenario.
Discussion and conclusions
We have studied the effect of inter-orbital impurity scattering on the superconducting properties of iron pnictides described by the two-orbital model and intra-orbital or inter-orbital pairing interactions. The attractive inter--orbital pairing interaction leads to s-wave symmetry states ∆ λ with the same phases for λ = 1 and λ = 2, while the repulsive one to s ± -state, which is characterised by the order parameters with different phases ∆ 1 (r) = −∆ 2 (r). The impurities strongly affect the local properties of the material with s ± -superconducting state. The bound states appear inside the gap and the average value of the order parameter strongly decreases with the strength of the impurity potential V 12 , while the state with the same phase of the order parameter seems to be more robust against both intra-orbital and inter-orbital impurities [17] .
The iron oxypnictide samples are certainly strongly disordered systems. Despite of that the local gaps measured by STM [11] [12] [13] [14] do not change very drastically. This makes the inter-orbital pairing with repulsive U 12 and thus s ± -superconducting state [9] rather unlikely. Our results favour the scenario with attractive inter--orbital pairing and s-wave state, which is protected against non-magnetic impurities by the Anderson-like mechanism.
